We examine the causal relationship between globalization, economic growth and energy consumption for 25 developed economies using both time series and panel data techniques for the period 1970-2014. Due to the presence of cross-sectional dependence in the panel (countries from Asia, North America, Western Europe and Oceania), we employ the Pesaran ( (2012) and, Emirmahmutoglu and Kose (2011) Granger causality tests. The empirical results reveal that, for most countries, globalization increases energy consumption. In the USA and UK globalization is negatively correlated with energy consumption. The causality analysis indicates the presence of the globalization driven energy consumption hypothesis. This empirical analysis suggests insightful policy guidelines for policy makers using globalization as an economic tool to utilize energy efficiently for sustainable economic development in the long-run.
Introduction
Globalization, broadly defined as a shift to a more integrated world economy, is one of the most important forces shaping economies and societies (Hill, 2006) . While it was once the case that most national economies were relatively self-contained, today more and more economies are interconnected. This interconnectedness can occur through economic, societal, or political means. Globalization, through its impact on trade, financial capital flows, and transfer of knowledge and technology can have an enormous impact on economic activity that has both positive and negative impacts on a country's citizens. While the impact of globalization on jobs, knowledge and health are actively studied, other areas, like the impact of globalization on energy consumption are understudied.
There are several reasons why one would be interested in studying the relationship between energy consumption and globalization. Two of the most important reasons are future energy needs, and environmental pollution from carbon dioxide (CO 2 ) emissions. Energy consumption is directly related to economic activity and increased economic activity requires more energy usage. An increase in energy efficiency can offset some but not all of the increases in energy Environmental degradation is another important reason to study the impact of globalization on energy demand. The environmental consequences of trade liberalization have been recently investigated (Copeland and Taylor 1994 , Copeland 2005 , Baek et al. 2009 ). Globalization is considered as an important factor in stimulating energy consumption and hence may impact environmental quality in both developed and developing economies (Baek et al. 2009 , Shahbaz et al. 2015 . Approximately 65% of global CO 2 emissions come from the burning of fossil fuels and fossil fuels are the main source of energy 2 . The finding of a strong positive link between globalization and energy consumption would have implications for CO 2 emissions. In this context, a research question arises: how strong is the linkage between globalization and energy consumption? It is therefore important for researchers to examine the impact of globalization on energy consumption through various channels. An earlier study by Baek et al. (2009) emphasized the environmental consequence of trade liberalization in 25 developed and developing countries. However, the recent study by Shahbaz et al. (2016) for the Indian economy also supported the importance of globalization on energy consumption. Hence we may conclude that globalization plays a vital role which can affect energy consumption positively and negatively. It may be the case that foreign investors create new businesses or expand their existing ventures employing sophisticated technology that lowers the usage of energy and thereby reduces their total production costs (Shahbaz et al. 2016) . Such a situation indicates an inverse relationship between globalization and energy demand. On the other hand, a positive relationship between globalization and energy consumption exists if foreign firms in a domestic economy expand the existing business activity or create new business hubs with obsolete or traditional technology that consumes higher volumes of energy and thereby adds to the total costs of production (Shahbaz et al. 2016) . Such a possibility is not beneficial for the host country because the operational business activity of foreign firms is producing a loss-loss matrix of lower cost of production and higher loss of environmental quality due to relax environmental policies (Shahbaz et al. 2016) .
As far as the impacts of globalization on energy consumption are concerned, its effects on energy consumption can be viewed through the channels of scale, technique and composition effects.
Through the scale effect, keeping other things constant, globalization will increase energy consumption because it increases economic activity (Cole, 2006) . In addition, when globalization is in the form of trade and capital inflows, globalization enables economies to reduce energy consumption by importing new technology without hampering the economic activity (Antweiler et al. 2001) . This is termed as the technique effect of globalization on energy consumption (Dollar and Kraay, 2004) . Lastly, the composite effect of globalization on energy consumption occurs when energy consumption decreases with the rise in economic activity (Stern, 2007) .
Moreover, globalization enables an economy in shifting the production process from agriculture to industry and finally to service sectors. Thereby, production techniques may change as the economy transitions from the industrial sector to the service sector entailingless use of energy and ensuring better environmental quality (Jena and Grote, 2008) . Dumitrescu and Hurlin (2012) Granger causality approaches. We find that for most of the countries studied, globalization stimulates energy consumption.
The remainder of the paper is structured as follows: Section 2 discusses the related literature.
Section 3 highlights the empirical strategy used in the analysis. Section 4 discusses the data set used in the analysis and presents empirical results. Finally, Section 5 concludes with core findings along with added policy implications.
Related Literature
Going back to the genesis of the energy and environmental economics literature, several researchers (Shafik and Bandhopadhaya 1992 , Panayotou 1993 , Seldon and Song 1994 , Grossman and Krueger 1991 have established an empirical relationship between income and environmental pollution and found an inverted U-shaped relationship between these variables. In energy economics, there is a growing literature examining the feedback relationship between energy consumption and economic growth across economies (Ozturk, 2010) . In connection to the dynamics of energy consumption linked with economic growth through testing of the Environmental Kuznets curve (EKC) hypothesis, we also find many recent studies that have extended the relationship between economic growth and energy consumption by incorporating financial development and urbanization into the energy demand function (Shahbaz and Lean 2012 , Islam et al. 2013 , Menegaki and Ozturk 2013 . In addition, Baek et al. (2009) Shahbaz et al. (2016) shows that accounting for globalization produces a win-win situation for a developing economy like India in terms of higher economic growth and improved environmental quality through reducing energy consumption. The research by Baek et al. (2009) and Shahbaz et al. (2016) provide a solid foundation to extend the energy economics literature.
In particular, we are interested in determining the dynamic casual linkage between globalization and energy consumption in 25 developed economies. analysis confirmed the presence of a feedback effect between energy and exports (energy and imports). Shahbaz et al. (2014) employed the heterogeneous Granger causality test to examine the relationship between trade openness and energy consumption for 91 low, middle and high income countries. They empirically documented the U-shaped relationship between trade openness and energy consumption for low and middle income countries but inverted U-shaped relationship is also found for high income countries. They also noted a bidirectional Granger causality relationship between trade openness and energy consumption was confirmed by a nonhomogenous causality approach. For African countries, Aïssa et al. (2014) documented that domestic output is stimulated by renewable energy consumption and trade but the neutral effect is observed between trade openness and renewable energy consumption. Shahbaz et al. (2016) used a globalization index (covering economic, social and political aspects of globalization)
developed by Dreher (2006) in order to examine the association between globalization and energy consumption for the Indian economy. Their results reported that globalization is one of the key factors of reducing energy demand for India.
Methodology Framework
This paper aims to investigate the relationship between globalization and energy consumption using a panel of 25 developed countries. These countries are highly integrated due to economic and financial ties; a country may be impacted by economic shocks or business cycle effects occurring in other countries and vice versa. The empirical evidence may be biased or ambiguous if we ignore economic, financial or cultural ties of states during model specification. Imposing homogeneity restriction on parameters and cross-section-independence across individual units can further least to misleading empirical results. To solve this issue, we apply cross-sectional independence and slope homogeneity tests to decide on the appropriate panel causality approach.
Cross-sectional Dependence Test
We apply the Langrage multiplier (LM) cross-sectional dependence test which is widely used in the existing applied economics literature to determine whether cross-sectional dependence is present among the panel of countries. This test originated with Breusch and Pagan, (1980) . The empirical equation for the LM test is modeled as following: 
The alternate hypothesis of cross-sectional dependence is given by:
In order to test the null hypothesis of no cross-sectional dependence, Breusch and Pagan, (1980) introduced the following LM test:
where, ij  indicates the coefficient of pair-wise correlation obtained from OLS (ordinary least square) using equation-1 for each i . The LM test is suitable for relatively small N with adequate large T. Furthermore, the LM test is distributed asymptotic chi-square with
degrees of freedom. The cross-sectional dependence test losses its explanatory power if the population average pair-wise correlation mean is close to zero . The crosssectional dependence test may accept the null hypothesis if the factor loadings contain zero mean in the cross-section dimension. In order to overcome these issues, modified the LM test by adjusting for these biases. The modified LM test uses accurate mean and variance of the LM statistics. The modified LM test is formulated as following:
where, the exact mean and variance of 
Slope Homogeneity Test
With the presence of strong cross-sectional dependence, it is possible that every country may have similar dynamics of the economic development process. This leads us to control the crosssectional heterogeneity while investigating the empirical results. When the panel is heterogeneous, assuming slope homogeneity can result in misleading estimates (Breitung, 2005 
where, the pooled OLS coefficient is denoted by i   , the weighted fixed effect pooled estimator is WFE  , the identity matrix is  . The standard dispersion statistic can be computed by the following formula given below:
It is expected that the  test contains standard as well as asymptotically normally distribution under the null hypothesis of
with normal distribution of error terms.
The biased adjusted version of the  test is modeled as following:
where, the mean and variance are denoted by
Panel unit root test
Pesaran (2007) 
The cross-sectional averages of lagged levels found to be non-standard even for large N.
Panel Cointegration Test
Granger (1981) pioneered the concept of cointegration in time series data. Cointegration tests were developed by Engle and Granger (1987) , Philips and Ouliaris (1990) and Johansen (1988 Johansen ( , 1991 , among others. Similar to panel unit root tests, extension of time-series cointegration to panel data is also recent. The panel cointegration tests that have been proposed so far can be divided into two groups: the first group of cointegration tests is based on the null hypothesis of cointegration (McCoskey and Kao 1998, Westerlund 2005) while the second group of cointegration tests take no cointegration as the null hypothesis (Pedroni 1999 , Kao 1999 , Larsson et al. 2001 , Groen and Kleibergen 2003 .
Four error correction based panel cointegration tests developed by Westerlund, (2007) are employed in the present study. These tests are based on structural dynamics rather than residuals dynamics so that they do not impose any common factor restriction. The null hypothesis of no cointegration is tested via the error correction term in a conditional error correction model. If the null of no error correction is rejected, then the null hypothesis of no cointegration is rejected. The error correction model based on the assumption that all the variables are integrated of order 1 is as follows:
where,
holds the deterministic components, and 1 2 ( , )
is the associated vector of parameters. In order to allow for the estimation of the error correction parameter i  by least square, (9) can be rewritten as:
Here, i  is the adjustment term that determines the speed by which the system adjusts back to the equilibrium relationship. The re-parameterization of the model ensures the parameter i  remains unaffected by imposing an arbitrary i  . Now, it is possible to construct a valid test of the null hypothesis versus the alternative hypothesis that is asymptotically similar and whose distribution is free of nuisance parameters. In a nutshell, Westerlund (2007) Toda and Yamamoto, (1995) . The E-K panel causality test employs the VAR model at levels using extra dmax lags in order to determine Granger causality association between the series in heterogeneous fixed panels. The level VAR model containing k i + dmax lags using heterogeneous mixed panels:  and the lag structure is k i that is assumed to be predetermined or different for different cross-section units and demax indicates the optimal integrating order for each i in the VAR system. The bootstrap 4 There is no need to test the presence or absence of cointegration between the variables when applying the Toda and Yamamoto (1995) causality test. This methodology uses a two-step approach. In the first step, the lag length of the VAR is determined using standard selection criteria like AIC or SIC. In the second step, the order of the VAR lag length is augmented by a number reflecting the order of integration associated with the variables. causality procedure developed by Emirmahmutoglu and Kose, (2011) for causality running from x to y is summarized as following:
1. The ADF unit root test is applied in order to determine the appropriate (dmax) order of integration of the variables to be used in the VAR system for each cross-section units. The optimal lag order k i s is chosen following Akaike Information Criterion (AIC) by applying ordinary least square (OLS) to estimate the regression-15.
2. The non-causality hypothesis is empirical tested by re-estimating equation-16 using demax and k i . This process is conducted to calculate for each individual as following: 
The steps 3-5 are repeated 1000 times in order to generate the empirical bootstrap distribution of the Fisher test statistics. An appropriate percentiles sampling distribution is selected to generate bootstrap critical values. Lastly, Emirmahmutoglu and Kose, (2011) argued that LA-VAR approach performs well under the cross-section independence and cross-section dependence. This seems to be acceptable for the entire time period (T) and observations (N).
Dumitrescu and Hurlin (2012) Panel Causality Test
The problem with the Emirmahmutoglu and Kose (2011) bootstrap panel causality test is that it is based on the bivariate Toda-Yamamoto approach. Furthermore, the E-K panel causality testis applicable if the time series length (T) is greater than the number of cross-sections (N). In response to these short comings, Dumitrescu and Hurlin, (2012) 1 (22) where, 
The harmonized test statistic HNC T N Z , for fixed T samples is given as following:
where, Dumitrescu and Hurlin (2012) have provided detailed information for these statistics extensively.
Data and Results
We use is important to test the data for these properties. Table-1 shows the results of cross-sectional dependence and slope homogeneity tests. These tests are the Lagrange multiplier (LM) test (Breusch and Pagan, 1980) , the cross-sectional dependence test (Peseran et al. 2008 ) and the LMadj test with the null hypothesis of no cross-sectional dependence. Peseran and Yamagata,
recommended a standardized version of Swamy's test for examining the slope homogeneity in large panels and its biased adjusted version. The results reported in Table-1 also indicate the absence of slope homogeneity and cross-sectional independence. This implies that cross-sectional dependence is present. We confirm the presence of heterogeneity and spatial effect across the panel of 25developed countries. In order to examine the stationarity properties of globalization and energy consumption, we apply the CIPS unit root test and the reported results are shown in Table- 2. We find that globalization and energy consumption contain unit roots according to the constant and constanttrend versions of the test in the presence of cross-sectional dependence. Globalization, economic growth and energy consumption are found stationary in first differences. This implies that globalization, economic growth and energy consumption are integrated of order I(1). The unique order of integration of both variables allows us to apply the error-correction based panel cointegration test developed by Westerlund (2007) to examine whether a long-run relationship between globalization, economic growth and energy consumption is present or not. Table-3 reports the results of panel cointegration tests. We find the null hypothesis of no cointegration can be rejected indicated by group ( t G and  G at 10% and 1% levels, respectively) and panel statistics ( t P and  P at 10% and 1% levels, respectively). This supports the hypothesis that globalization, economic growth and energy consumption are cointegrated for a sample of developed countries over the period 1970-2014.
Table-3: Westerlund (2007) Cointegration Test Analysis
The existence of a panel cointegration relationship between globalization, economic growth and energy consumption in 25 developed countries enables us to examine the time series and panel effects of globalization on energy consumption. Table-4 reveals the heterogeneous panel elasticity analysis by applying CMG and AMG 5 . As far as the country specific time series evidence is concerned, we find that globalization has a positive impact on energy consumption in Japan (at 1%), Korea (at 1%), Israel (at 1%), Singapore (at 1%), Canada (at 1%), Austria (at Note: Optimal lag/lead length determined by Akaike Information Criterion with a maximum lag/lead length of 2. Width of Bartlettkernel window set to 3. Number of bootstraps to obtain bootstrapped-values, which are robust against cross-sectional dependencies set to 400. 1%), Belgium (at 1%), Finland (at 1%), France (at 1%), Greece (at 1%), Iceland (at 1%), Ireland, Italy (at 1%), the Netherlands (at 1%), Norway (at 1%), Portugal (at 1%), Spain (at 1%), Sweden (at 1%), Switzerland (at 1%), Australia (at 1%) and New Zealand (at 1%). This implies that globalization strongly stimulates energy consumption. On contrary, globalization is negatively linked with energy consumption in USA (at 5%), Denmark (at 5%), Luxembourg (at 1%) and UK (at 10%). This implies that globalization reduces energy consumption may be due to adoption of energy efficient technology. The panel estimates also show the positive link of globalization on energy consumption at 1% and 5% levels of significance. We further note that although the CMG test accommodates cross-section dependence as well as time-variant unobservable factors, unobservable common factors are treated as a nuisance (Eberhardt and Teal, 2010) . The CMG is simply an average of the individual country commoncountry effects. The CMG estimator is unable to detect differences between temporal and general dynamics which are determined by common and exogenous individual-specific time series factors (Eberhardt and Teal, 2010) . Last but not the least, CMG is unable to model spatial patterns that may occur in globalization and energy consumption nexus. The reason is that CMG estimator consistently provides efficient slope estimates without solving the process of spatial error (Eberhardt and Teal, 2010) . These issues are covered by applying the augmented mean group estimator (AMG) developed by (Eberhardt and Teal, 2010) . As far as the AMG results of Table-4 are concerned, we again note that globalization is positively but significantly linked with energy consumption in case of Japan, Korea, Singapore, Canada, France, Luxemburg, Norway, Sweden, Switzerland and Australia at 1%, 5% and 10% significant levels, respectively.
Contrarily, globalization is inversely and significantly linked with energy consumption in the USA (at 1% level), Belgium (at 1% level), Netherlands (at 1% level) and UK (at 5% level)
respectively. Globalization has a positive (negative) but insignificant effect on energy consumption in Israel, Greece, Iceland, Ireland, Israel, Italy, Portugal, Spain and New Zealand (Austria, Denmark, Finland, Greece) respectively.
In order to examine the causal relationship between globalization and energy consumption, we have applied Emirmahmutoglu and Kose (2011) Note: ***, ** and * show significance at 1%, 5% and 10% levels respectively. 
Concluding Remarks and Policy Suggestions
Recently, the literature on empirically examining the causal linkage between globalization, energy consumption and environmental quality in the context of developing countries like India has emerged as a new branch of research in energy economics (Shahbaz et al. 2015 (Shahbaz et al. , 2016 Moreover, understanding the causal linkage between globalization and energy consumption in advanced economies is important because the shocks to globalization and energy consumption in these countries have substantial ramifications for both the advanced economies and the economy of other developed and developing countries. For instance, without incorporating the role of globalization on energy consumption future planning for a safe and secure energy supply is made more difficult. The impact of globalization on energy consumption also has environmental implications. While it is widely agreed that globalization increases economic activity and wealth, these benefits need to be viewed in the context of how globalization affects energy consumption because increases in fossil fuel energy consumption lead to higher emissions of CO 2 emissions.
Higher CO 2 through its effects on climate change will affect the health and well-being of not only present but future generations.
In response to these concerns we study globalization and energy consumption for 25 developed The findings of this study add some worthy policy suggestions. We find that globalization is positively linked with energy consumption in 12 developed countries (approximately 50% of total sample countries used in the analysis), indicating that greater opening up or exposure of these economies to the rest of the world via trade and capital flows may not help them in reducing their energy demand in the process of economic activity. Despite growing economic globalization, the producers in these economies may not have changed their production techniques and therefore outdated production techniques require greater amounts of energy consumption. From a policy perspective, it can be suggested that these economies need to be aware of the positive impact of globalization on energy consumption. Otherwise these countries will face greater long-term environmental consequences of increased energy consumption in terms of climate change and global warming. In addition, an interesting finding is that in a few developed countries like the USA and the UK, globalization decreases energy consumption. This finding has key policy implications, both the USA and the UK are largely benefitted by reducing the usage of energy in the process of economic activity along with passing globalization. This becomes possible on their part because of utilizing energy-saving advanced technology in the process of economic activity through wholesale globalization with tough enforcement of environmental regulations. The UK and USA both experienced large decreases in energy intensity relative to the other countries in our sample that may help to explain this result.
The panel findings also bear some policy implications as unidirectional causality is found running from globalization to energy consumption, for all countries, indicating that globalization plays a vital role in the dynamics of energy consumption. If any environmental policy is designed by policy makers and implemented by governments of these countries without incorporating the role of globalization on energy consumption in augmented energy demand function, then in line with the recent empirical arguments of Baek et al. (2009) and Shahbaz et al. (2015) these countries will have to face the severe environmental consequences of globalization in the long-run. Hence from a policy perspective, we suggest that policy makers in these economies should not underestimate the significant role of globalization in energy demand function while formulating and implementing environmental policy (see Shahbaz et al. 2016 ).
Overall our findings suggest that advanced economies are not going to free themselves from the constraints of energy resources if they continue to demand energy for long-run economic growth especially in the presence of globalization. This finding is not consistent with the seminal argument of Hansen-Prescott (2002) resource model in which they have argued that society has freed itself from the constraint of resource limitations. Thus it is easy to refute the HansenPrescott resource model as our finding is not consistent with their key argument. Furthermore our results are consistent with the recent finding of Stern and Kander (2010) for Sweden in which they have argued that the economy is still constrained by energy resources in the presence of modern growth theory. In order for globalization to be desirable for both economic growth and environmental quality a different approach to energy usage most be implemented. Energy efficiency, a reduction in energy usage, fuel switching, and technological innovations all provide alternative ways to increase economic growth without harming environmental quality and ecological balance (Smulders and de Nooij 2003, Csereklyei et al. 2014 ).
